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Introduction
Understanding the mechanisms and rates of bank erosion, accretion and lateral channel migration has fundamental signifi cance, as well as results of these researches which are applicable in the fi eld of water and soil resources management, hydro-technical works, and in different aspects of the environmental protection (Thorne 1982 , Lawler 1993 . Scientifi c and engineering interest for bank erosion, accretion and lateral channel migration in the Bosnia and Herzegovina has been increased for three main reasons. Firstly, bank erosion plays an important role in control of channel stability. secondly, bank erosion have signifi cant contribution to the sediment load, and thirdly, destruction of fl ood plain land, land loss and land use changes is associated with serious bank erosion. also, lateral migration of the Bosna river has caused a serious problem because of disappearance of arable land and land use changes (Hooke 2003 , Tosic et al. 2014 .
In the region, the consequences of changes in river course and bank erosion intensity have been well-documented in the literature (Thorne 1982 , Lawler et al. 1999 , Richard et al. 2005 , Tiegs, Pohl 2005 , Hooke 2007 , Kiss et al. 2008 , Nicoll, Hickin 2010 , radoane et al. 2010 , Blanka, Kiss 2011 , Yao et al. 2011 , Zaharia et al. 2011 , Floriou 2011 , roksandic et al. 2011 , Henshaw et al. 2013 , Dragicevic et al. 2012 , Tosic et al. 2014 .
The Bosna river is a boundary watercourse along the administrative border between the republic of srpska and the Federation of Bosnia and Herzegovina and this valley is very important because it traced the future corridor 5c (Budapest-osijek-doboj-sarajevo-Ploce) and Trans-dinarides geostrategic directrix between the Pannonian and the adriatic Basin (dragicevic et al. 2013) . The Bosna river provides a good opportunity to study bank erosion, accretion and lateral channel migration, considering all the problems that burdened the lower course of the Bosna river we started analysing these processes using available data and Gis. The availability of aerial photography, orthophoto images, and Gis has opened up to possibility to research bank erosion, accretion and lateral channel migration. Worldwide, several different techniques have been used to quantify these processes and different time span, 1 to 10 years for field measurements and 10 to 200 years for maps and aerial photographs (Hooke 1979 , 1980 , 2003 , Hooke, Redmond 1989 , Duan 2005 .
The objectives of this study were to assess the rate of bank erosion and accretion, as well as rate of lateral channel migration of Bosna river using remote sensing and Gis. The data presented here represent a base in understanding the dynamics of bank erosion, accretion and lateral channel migration of Bosna River; they are also significant to practical issues such as predicting channel migration rates for engineering and planning purposes.
Study area
The research covered the southern part of the Pannonian Basin in the Bosnia and Herzegovina (Fig. 1) . The study area is located along the lower course of the Bosna river, with total channel length of 27.645 km. The Bosna River drains the central part of the dinaric Karst Massif and the central part of Bosnia and Herzegovina. The drainage basin area is of 10,662 km 2 , course length of 275 km, mean annual discharge at the confluence with the Sava River is 180.5 m 3 s -1 , specific discharge 15.6 ls -1 km -2 , and the average fall is 1.48 m km -1 (dragicevic et al. 2013 ). The tectonic characteristics of this area, more precisely, the Posavski Fault, have influenced the orientation of the hydrological network in the Bosna river basin. The decrease in the stream velocity in the lower course of the Bosna river is caused by the tectonic movements of sinking in the northern part of the basin. This process resulted sediment accumulation in the riverbeds, bank erosion, formation of meanders, and changes in the river course. Thus, the study area is characterised by intense lateral dynamics of the river channels. Morphology of study area is characterised by almost horizontal terrain with dominant riverbed of Bosna river and its terraces. Excessive type of deep and lateral erosion is present in the riverbed. The river often meander and cut into its own alluvium which causes sedimentary facies of the riverbed to be in constant movement. Total thickness of Quaternary fluvial sediments is estimated up to 150-200 m which indicates huge effect of erosion and accumulation processes. according to Basic Geological Map data, layers for doboj and slavonski Brod, three levels of river material accumulation have been detected (Tosic et al. 2014 ). First level is third lake-river terrace (t 3 ) isolated as a relatively narrow zone in western part of study area between plioquaternery deposits on the west and sediments of second terrace on the east. it is represented by clay, sand and gravel material, which indicates its proluvial origin. second level, represented by sediments of second river terrace (t 2 ) is detected on altitudes between 100 and 112 m. it is created by shift of the channel of Bosnia river towards east. Lithological composition contain clay, sandclay and large gravel and sand beneath. Third level, first river terrace (t 1 ), has accumulation character with typical composition made from gravel and medium and large grain boulder, unevenly sorted, with less participation of silt and clay. These fractions alternate both laterally and vertically which indicate changeable regime of deposition and dynamics of Bosna River flow. It is marked by occasional section built by sub-recent meanders of Bosna river, approximately 25 km in length, from town of Modrica to Bosna and Sava River confluence. Total thickness of first, second and third river terrace is 100-150 m, determined by drilling. organogenic-marsh sediments are found on both banks of Bosna river. They originated by slow descend of this area, and partly by waterlogging due to periodical rising of groundwater level. deposition of marshes is composed by dark green and dark grey clay, clay-alevrit sediments, small grained sand and gravel, moss, etc. Flood sediments could be found on both banks of study area. These Quaternary formations originated during flood periods. Lithologically, these formations are dominantly made from sand, silt and clay-alevrit sediments, often waterlogged. alluvial deposition is formed in vicinity of riverbed of Bosna river and wider stream valleys. Bosna River changed its flow very often, depositing in and nearby its riverbed huge amounts of boulder and sand materials. Flowing through its own deposition, the river often meander and overflowing. Analysis of deposit in riverbed and gravel pits showed that lowest part of the column is made from large grained sand and gravel almost unsorted with poorly visible stratification. These deposits in the riverbed are frequently transported and renewed again, forming unstable and relatively stable terrain. Estimated thickness of these deposits is 10 m (Tosic et al. 2014 ).
Methods
all analyses completed for this study are based on the location and magnitude of recent historic changes to the planform geometry of the Bosna river. Landscape studies using aerial photographs, satellite images and different scale paper maps are useful to determine the river course changes. There is a large amount of literature indicating the usefulness of identifying planform changes in channel geometry using aerial photography and orthophoto in a geographic information system (Gis) environment (Petts 1989 , Downward 1995 , Gurnell 1997 , Winterbottom, Gilvear 2000 , Weng 2002 , Wellmeyer et al. 2005 , Grove et al. 2013 . one of the main characteristics of remote sensing is its capability of generating a large amount of information, frequently and spatially and thus studying river morphology. a review of techniques used to measure river bank retreat rates is provided by Lawler (1993) .
comparing the data from different periods, we defined the evolution of the river channel position over different time series. in this study, we developed a time series of georeferenced data using a combination of aerial photography from 1958, 1976 and orthophoto images from 2001, 2006, 2008 and 2013 . aerial photogrammetry surveying of the lower part of the Bosna river was implemented by Z/i dMc camera with 120 mm focus and image dimension of 1,324×7,680 pixels. scale of this survey was 1:33,333 and as a result the spatial image resolution was 40 m. reconnaissance of known trigonometric marks and GPs detection of new orientation marks along the whole recorded area of the lower part of the Bosna river made aero-triangulation and block alignment plausible. When aero-triangulation was finished the photogrammetric image processing, digital terrain model development, orthorectification and cartographic processing took place. Orthorectification of aerial images and conversion from central to orthogonal projection (Gauss-Krüger projection (vi zone) -World Geodetic System 1984) was implemented based on previously developed digital terrain model and stereopairs of aerial photographs. The sheets of digital orthophoto plan in scale 1:5,000 and resolution 50 cm were developed using orthorectification process. Orthophoto plans were created in TIFF+tfw format for simplified use in arcGis software, while aerial photographs were processed in PHoToMod software package.
in the arcGis software, we created a continuous polygon to represent the river channel in each year using the image data. We determined the changes in the locations of both riverbanks during five periods: 1958 to 1976; 1976 to 2001; 2001 to 2006; 2006 to 2008; 2008 to 2013 . The results revealed the places where erosion and accretion occurred during each period. We calculated erosion and accretion separately for each side of the river. We digitized the shorelines at the start of each period, copied the left shorelines of 1958 and 2013 into a single layer, and processed them using the Gis software to create polygons that represented the difference between the two positions of river shoreline. if a polygon was positioned to the left of the 1958 shoreline, it represented an erosion polygon; if a polygon was positioned to the right of the 1958 shoreline, it represented an accretion polygon. We used the same process to assess erosion and accretion of the right bank, but with the following change: polygons to the left and right of the 1958 shoreline represented accretion and erosion, respectively. summing the areas of these polygons provided the total eroded and accreted areas from 1958 to 2013. After determining these areas, we added the 1976, 2001, 2006, 2008 and 2013 shorelines sequentially to subdivide each of the polygons into smaller polygons that represented the shorelines on each of these dates. We used the Esri® arcMap™ 10.1 (arcGis 10.1 for desktop) software to calculate the areas of overlap between the shoreline in each year and the boundaries of the polygon that contained that portion of the shoreline. We then used the same approach that we used for the period from 1958 to 2013 to calculate the erosion and accretion between consecutive years (downward et al. , Yao et al. 2011 comparing the data from different periods, we determined the rate of lateral channel migration over different periods. The position of the channel centreline was marked in each data source (1958, 1976, 2001, 2006, 2008 and 2013) . River shorelines were digitized using the water boundary because it is clearly defined in the aerial photography and orthophto images. Furthermore, the two digitized shorelines are used in arcGis to generate a centreline of active channel, and then the channel migration rate was calculated (Hooke 1979 , 1980 , Hudson, Kesel 2000 , Winterbottom, Gilevar 2000 , Mount, Louis 2005 , Hughes et al. 2006 .
Results
In our analysis, we identified that the total area of bank erosion from (Fig. 2) . Our analysis identified 227 erosion plots on the left bank and 202 erosion plots on the right bank (Table 2) . (Fig. 3) . in this period, the average area of the accretion along the left and right bank was 0.0942 km 2 . The average area of the erosion along the left and right bank from 1976 to 2001 was 0.0796 km 2 . along both banks, in the same period, the average area of the accretion was 0.0920 km 2 . along the left and right bank from 2001 to 2006, the average area of the erosion was 0.0079 km 2 . in the same period, along the left and right bank the average area of the accretion was 0.0020 km 2 . if we look at erosion of the left and right bank, the lowest average value in the analysed periods was 0.0066 km 2 (2006) (2007) (2008) . The maximum value (0.2863 km 2 ) was on the left bank. during this period, along the left and right bank the average area of the accretion was 0.0161 km 2 . From 2008 to 2013, on both banks, the average area of erosion was 0.0105 km 2 . The average area of accretion on both banks was 0.0072 km 2 . In the research sector (Fig. 4) , the Bosna River length was 25.774 km in 1958 (sinuosity was 1.500), 24.869 km in 1976 (sinuosity was 1.448), 27.584 km in 2001 (sinuosity was 1.606), 27.073 km in 2006 (sinuosity was 1.576), 24.642 in 2008 (sinuosity was 1.435) and 23.949 km in 2013 (sinuosity was 1.394).
analysis of the aerial photography and orthophoto images of the research area showed that the Bosna average channel shifting in the period 1958-2013 was established in the amount of 132.4 m. apart from this period, the maximum values of the period 1958-1976, 517.8 m, 1958-2001, , 1958-2006, 1055.3 m, 1958-2008, 467 .0 m are also significant and the period from 1958 to 2013, 506.2 m (Table 4) .
Discussion
Events such as flooding can trigger dramatic and sudden changes in rivers and streams. The Bosna river is a good example, which represents the existence of all natural conditions for frequent and large scale floods. As direct consequence of the climatic-hydrological characteristics of the Bosna river basin (which are manifested in discharge regime changes), once a year the Bosna River overflows, and the area of lower course of the Bosna river basin is endangered by floods. Changes in water and sediment discharge are the major factors that contribute to hydraulic changes in Bosna river geometry. The riverbed of Bosnia river is formed in its own alluvium and it shifts often. There are accumulation formations in the riverbed, such as islands, while adversely mechanical characteristics of banks combined with varying shifts of high and low water on both Bosna and sava river (the sava river retardation and coincidence of high and low water) are causing bank erosion, material loss, that is, erosion processes and accretion. all works on the riverbed regulation so far have been local and dealing with urban settlement protection on this section of Bosna river. intensive urbanisation and various construction work needs natural material such as sand and boulder. Exploitation of these materials have been done in chaotic manner, with absence of planning, partly from riverbed and partly from inundation area which influence bank stability and causes processes of erosion and accretion to occur. in the absence of appropriate measures and riverbed regulation, most human activities will lead to accelerated rates of erosion and accretion.
regarding to natural conditions, the Kolubara river basin (serbia) is similar to the Bosna river basin. Unlike the other rivers with similar hydrological characteristics, the river network in the lower course of the Kolubara river basin were changed rapidly during the XX century because of direct human impact. The rate of the Kolubara river channel shifting along the lower course of the Kolubara River basin is 47 m in average for the period of 37 years, which means 1.27 m per year. The most intensive rate of the channel shifting was 224 m in 37 years, with the average of 6.05 m per a year (dragicevic et al. 2012) .
channel shifting of the Bosna river has caused serious problems, such as disappearance of arable land, forests, pastures and meadows, economic loss due to the reduction of agricultural production. Bank erosion, accretion and channel shifting, soil loss, sediment load deposition, floods, soil and water pollution are representing major environmental problems in the Bosna river basin.
Beside its geomorphological significance, the results of this investigation are applicable in the field of geopolitical questions, as well as in different aspects of the environmental protection. Bank erosion and the channel shifting could become a geopolitical and security question if the border between states or other political-territorial entities is drawn along the river. in the lower course of the Bosna river, the bank erosion caused many problems with the demarcation between two entities. in this area, the farmers who had arable land parcels on the right bank (50 years ago), lost parts of the parcels or whole parcels due to intensive channel shifting. in recent time, their land parcels have been located on the left bank. Therefore, any change in the lower course means not only moving the border between the republic of srpska and the Federation of Bosnia and Herzegovina, but also cause for misunderstandings that can evolve into a new large scale conflict.
Conclusion
The analysis showed that the average movement in the period 1958-2013 amounted to 90.4 m to the left, and the maximum value of this movement in the analysed period was 330.7 m. in terms of channel shifting to the East, it was found that its average value in the period 1958-2013 amounted to 156.1 m, and that in this period the value of the maximum movement in this direction was 506.2 m. The Bosna riverbed average movement in the period 1958-2013 was established in the amount of 132.4 m. During this period, the average lateral channel migration was 2.5 m per year. apart from the above analyses that are of the local (relating to the municipalities located on the watercourse banks) character, the bank erosion may result in serious consequences (conflict) that come out of the national framework. For further research, it is necessary to link fluvial processes with socio-economic factors in the order to predict the future development of the fluvial landscape. in addition to landscape degradation, lateral migration of the Bosna river has caused serious problems for the disappearance of arable land, but also economic loss due to the reduction of agricultural production and the administrative border changes.
